The exploitation of strain release in small rings as a driving force to trigger synthetic transformations has received increased attention over the last decade. In this context, cyclopropanes have been predominantly investigated, due to the abundance of efficient methods for their preparation, combined with their exceptional reactivity. A strategy to further enhance the inherent strain energy of cyclopropanes consists in the introduction of vicinal Donor and Acceptor groups (D and A, Scheme 1), able to stabilize the incipient positive and negative charges derived from the cleavage of the activated bond. The so-called D-A cyclopropanes can therefore be considered synthetic equivalent to 1,3 zwitterionic synthons.
[1] As such, they have been extensively used in [3+2] annulations. [2] These reactions allow the efficient assembly of a variety of 5-membered hetero-and carbocycles. In particular, the [3+2] reaction with carbonyl compounds [3, 4] represents a valuable tool for the synthesis of tetrahydrofurans (THFs). [5] Scheme 1. Donor-Acceptor cyclopropanes as 1,3 zwitterionic synthons. D = donor. A = acceptor. X=Y = generic double bond.
The annulation of D-A cyclopropanes with aldehydes is well established, and efficient catalytic as well as enantioselective protocols have been reported.
[3f,h-n] On the contrary, only a few catalytic methods have been described for the annulation involving the less reactive ketones as reaction partners. [4] Furthermore, the scarcity of highly diastereoselective protocols indicates an intrinsic difficulty to achieve face discrimination in the addition of D-A cyclopropanes onto non-symmetrical ketones. [6] In this context, and with our recent advancements involving cyclization and annulation reactions of D-A cyclopropanes in hand, [7] we sought out to develop a catalytic and stereoselective protocol for the [3+2] annulation between D-A aminocyclopropanes and ketones. There are only few reports of annulation and cyclization reactions of D-A aminocyclopropanes, [8] despite their high synthetic potential for the preparation of N-containing hetero-and carbocycles. Implementing the [3+2] annulation of D-A cyclopropanes with ketones would indeed allow an expedient access to a variety of 2-aminotetrahydrofurans bearing a rare quaternary carbon in position 5 (Scheme 2). Furthermore, the 2-aminotetrahydrofuran scaffold can be rightly considered as a "privileged structure", due to its occurrence in nucleosides and in nucleosides-derived synthetic drugs. [9] It is noteworthy that current methods mainly yield analogues bearing a tertiary centre at C5 (Scheme 2), with little deviation from the natural molecules. [10] The methodology described herein, however, allows to access the less explored chemical space populated by structures bearing a quaternary C5. Herein, we report the first catalytic [3+2] annulation of D-A aminocyclopropanes with ketones, allowing the preparation of rare C5-disubstituted aminotetrahydrofurans. In contrast with our previous work with aldehydes using an iron catalyst which proceeded with racemization, [7f] the tin-catalyzed annulation of ketones is enantiospecific, giving access to enantioenriched aminotetrahydrofurans.
We commenced our investigation by screening Lewis acids for the model reaction of phthaloyl cyclopropane 1a with acetophenone (2a). At first, we tested iron (III) chloride on alumina, which successfully promoted the [3+2] annulation with aldehydes (Table 1 , entry 1).
[7f] Unfortunately, a poor yield was obtained, due to extensive degradation of the cyclopropane partner in the presence of the catalyst. We then examined tin(IV) chloride, which we had employed to promote the [3+2] annulation of phthaloyl cyclopropane with silyl enol ethers (Table 1, entry  2) .
[7e] At -78 °C, complete conversion was observed after 90 minutes, and the desired aminotetrahydrofuran 3aa was formed quantitatively, as a single diastereoisomer. The relative configuration of 3aa was unambiguously assigned to be 2,5-cis on the basis of x-ray diffraction analysis. [11] Other metal chloride salts failed to catalyse the process, with the surprising exception of gold(III) chloride, which gave 3aa in modest yield (entry 3). Due to decomposition of 1a, the screening of metal triflates (entries 4-8) did not lead to improved results. [12] Table 1. Screening of Lewis acids in the reaction with acetophenone. [a] entry Lewis acid [b] yield (%) [c] entry Lewis acid [b] yield (%) Therefore, we selected SnCl4 as catalyst to further screen for the effects of temperature (T) and catalyst loading on the diastereoselectivity of the [3+2] annulation between 1a and acetophenone (2a) ( Table 2 ). Using 5 mol % of catalyst, the reaction showed a classic inverse d.r. dependence with respect to temperature, as the diastereoselectivity decreased with an increase in T. The 2,5-trans isomer epi-3aa became detectable in the crude when running the reaction at -10 °C (entry 4). [13] In the presence of 20 mol % of SnCl4, epi-3aa was already formed at -20 °C, although the increased amount of catalyst induced significant decomposition (entry 3). At -10 °C, it was the only diastereoisomer observed in the crude reaction mixture (entry 4). Unfortunately, the isolated yield under these conditions was poor (19%), hampering the development of a temperature-dependent synthesis of both diastereoisomers of aminoTHFs. To verify if epi-3aa could derive from 3aa via a tin(IV)-catalyzed isomerization, aminotetrahydrofuran 3aa was treated with 20 mol % SnCl4 at -10 °C. In this case, mainly its partial conversion in starting material 1a, likely via a retro-[3+2] annulation, was observed. To explain this result, we assume that 3aa might isomerize to epi-3aa via a sequence of retro-[3+2] annulation/[3+2] annulation (Scheme 3). [14] As intermediates, Table 2 . Diastereomeric ratios observed in the reaction of 1a with 2a with 5-20 mol % of SnCl4 depending on the temperature.
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(5 mol % SnCl4) d.r. Next, the scope of the reaction was evaluated by applying the optimized conditions to a variety of aromatic, heteroaromatic and aliphatic ketones (Table 3) . D-A cyclopropanes 1a and 1b displayed a similar reactivity toward acetophenone (2a), affording aminoTHFs 3aa and 3ba in excellent yields and diastereoselectivity (entries 1-2). [15] A lower yield (79%, entry 3) was obtained in the case of 1'-acetonaphthone (2b), most likely due to the unfavourable ortho substitution. Electron-rich aromatic ketone 2c and heteroaromatic 2d showed lower diastereoselectivities for the [3+2] annulation (entries 4-5). Nevertheless, the d.r. could be improved through a single recrystallization.
Electron-poor aromatic ketones 2e-f were also tested, and they gave the corresponding aminoTHFs 3be and 3bf in high yields, as single diastereoisomers (entries 6-7). Excellent stereochemical discrimination between the phenyl and the ethyl substituent was observed also with propiophenone (2g), demonstrating the versatility of our methodology (entry 8). 1-Tetralone (2h) displayed excellent reactivity and selectivity, delivering 3ah in high yield and diastereoselectivity, but favouring the 2,5-trans isomer for this cyclic system (entry 9). [16] Aliphatic symmetric ketones (2i-j) are more established substrates in [3+2] annulation with D-A cyclopropanes. Under our conditions, they cleanly afforded the corresponding aminoTHFs in nearly quantitative yields (entries [10] [11] [12] . In general, obtaining a high degree of diastereocontrol when employing non-symmetric aliphatic ketones remains a challenge. Gratifyingly, utilizing our optimized conditions on ketones 2k-l gave yields and diastereoselectivities comparable to those obtained with aromatic substrates (entries [13] [14] . Ketone substrate 2k highlights the efficacy of the developed methodology as a good d.r. (10:1, entry 13) was obtained with two carbonyl substituents, methyl and ethyl, possessing only a small difference in size. To assess the stereospecificity of the tin(IV)-catalysed [3+2] annulation, a selection of ketones was reacted with enantioenriched phthaloyl cyclopropane 1a at -78 °C (Scheme 4). [17] Under these conditions, no loss of stereochemical purity was observed with acetophenone (2a) and ketones 2h-j, while aminotetrahydrofuran 3ag was isolated with a slightly decreased enantiomeric excess (enantiospecificity e.s. = 83%). 
The preservation of optical purity in [3+2] annulations of D-A-cyclopropanes was already reported by Johnson
[3h-i,l] and by our group;
[7e] nevertheless, this is the first enantiospecific reaction between aminocyclopropanes and carbonyl compounds. [18] This result is not only important for the application of the reaction in the synthesis of enantioenriched products, it also demonstrated that an open zwitterion (Ib in Scheme 3) is not formed during the annulation.
Based on the high enantiospecificity and diastereoselectivity of the reaction, we wondered if the reaction of racemic 1a with a chiral ketone would allow for a kinetic resolution to take place. For example, the reaction of cyclopropane 1a with (-)-menthone (2m) should in principle favour the formation of the two diastereoisomers 3am and 3am', as both have the phthalimide group in cis relationship to the more bulky group (Scheme 5, A). Both products would be obtained as single enantiomers, as enantiopure (-)-menthone (2m) is used as starting material. The opposite absolute stereochemistry at the nitrogen center would result from the enantiospecific reaction of both enantiomers of 1a. [19] However, a severe steric interaction between the ester and the isopropyl group of (-)-menthone (2m) is present only in 3am': the formation of this diastereoisomer is consequently expected to be slower (mismatched case), allowing a kinetic resolution with re-isolation of enantioenriched 1a. Unfortunately, the kinetic resolution of 1a using sub-stoichiometric amount of (-)-menthone (2m) could not be accomplished, mainly due to the sluggish reactivity observed in this case. When increasing to 3 equivalents the amount of 2m, the reaction was accelerated, allowing the isolation of enantioenriched 1a after 1 h, although yield and enantiomeric excess showed a strong batch dependency (Scheme 5, B). Unexpectedly, after the conversion was complete (2 h), the annulation product 3am was isolated as a single diastereoisomer in 88% yield. Consequently, the reaction was not enantiospecific, but stereoconvergent. [20] Scheme 5. Reaction of racemic 1a with (-)-menthone (2m). Phth = phthaloyl. ee = enantiomeric excess. d.r. = diastereomeric ratio.
Different rationales could account for this result: tin(IV) chloride is either active in the racemization of the D-A aminocyclopropane 1a or in the isomerization of the product 3am. To obtain additional clues, the loss of enantiomeric purity of enantioenriched 1a (ee = 94%) in the presence of 5 mol % SnCl4 was monitored at -78 °C. After one hour, 1a was recovered with an ee = 75%, while after 2.5 hours almost all its stereochemical information was lost (ee = 20%). [3i,21] This result supports the hypothesis that the observed dynamic kinetic resolution could take place via racemization of the aminocyclopropane 1a,
probably via an open zwitterionic intermediate Ib (Scheme 3) The apparently contradicting results obtained with (-)-menthone (2m) could be explained by a limited lifetime for a tight ion-pair Ia: If the following annulation reaction is fast, an enantiospecific reaction takes place, but if the desired reaction is slow, as for the mismatched case with (-)-menthone (2m), dissociation would have time to occur, which would lead to racemization even at -78 °C and to the stereoconvergent reaction observed. In contrast, the cis-trans isomerization described in table 2 would require higher temperature to proceed. We note that further experiments would be required to confirm this interpretation.
In conclusion, we have reported the first enantiospecific [3+2] annulation of D-A cyclopropanes with ketones. Catalytic amounts of tin(IV) chloride were used to catalyze the reaction with a broad range of ketones, including non-symmetric ones. Yields and diastereomeric ratios were generally excellent, demonstrating the potential of this method for the stereoselective synthesis of aminoTHFs bearing a rare C5-quaternary center. Furthermore, the developed transformation is enantiospecific, allowing access to enantioenriched aminoTHFs when starting from an enantioenriched aminocyclopropane. Attempts to expand the scope of N-containing cyclopropanes, as well as further functionalization of the obtained products are currently under evaluation in our laboratory.
Experimental Section
In a two-neck flask equipped with a nitrogen inlet, aminocyclopropanes 1a-b (0.20 mmol, 60-66 mg, 1 equiv.) and ketones 2a-l (1.5 equiv.) were dissolved in anhydrous dichloromethane (2 mL) at -78 °C. After 5 min, SnCl4 (5 mol %, 0.01 mmol, 23 L of 0.43 M solution in dichloromethane) was added. The mixture was stirred under nitrogen at -78 °C for 90 min, then it was quenched by the addition of triethylamine (0.2 mL) and subsequently flushed through a short plug of silica gel, eluting with EtOAc (5 mL). The solvent was removed in vacuo, affording the crude reaction mixture, which was submitted to 1 H NMR analysis to determine the d.r. before purification via flash chromatography (SiO2, 8/2 to 1/1 (n-hexane: AcOEt)). (TABLE 2) REACTION .......................................................................................................................... 9   3 ENANTIOSPECIFIC REACTIONS .............................................................................................................. 18   4 HPLC TRACES ................................................................................................................................................ 19   5 SPECTRA ......................................................................................................................................................... 25   6 CRYSTALLOGRAPHIC DATA ............................................................................................................... HPLC grade solvents from Sigma-Aldrich were used. The ketones used in this study are all commercially available and were used as received.
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Preparation of aminocyclopropanes 1a-b
Diethyl 2-(1,3-dioxoisoindolin-2-yl)cyclopropane-1,1-dicarboxylate (1a)
Following a reported procedure 
Dimethyl 2-(1,3-dioxoisoindolin-2-yl)cyclopropane-1,1-dicarboxylate (1b)
[
Standard procedure for the screening of Lewis acids
Reactions with acetophenone
All the reactions were carried out under nitrogen in glass vials equipped with rubber septa and 
S6
1 H NMR spectra were acquired for solution A-E, and the ratios between the integrals of the signal at δ 6.31 (dd, 1 H, J = 8.2, 7.0 Hz, CHNPhth) of 3aa and the signal at  0.06 (s, 1 H, TMS) of hexamethyldisiloxane were determined. These experimental ratios were plotted vs.
the ratios mmol 3aa / mmol hexamethyldisiloxane to give the calibration graph. Table S1 . Screening of Lewis Acids in the reaction with acetophenone. 
Reactions with cyclohexanone
All the reactions were carried out under nitrogen in glass vials equipped with rubber septa and 1 H NMR spectra were acquired for solution A-E, and the ratios between the integrals of the signal at δ 6.39 (dd, 1 H, J = 9.4, 6.6 Hz, CHNPhth) of 3aj and the signal at  0.06 (s, 1 H, TMS) of hexamethyldisiloxane were determined. These experimental ratios were plotted vs.
the ratios mmol 3ai / mmol hexamethyldisiloxane to give the calibration graph. Table S2 . Screening of Lewis Acids in the reaction with cyclohexanone. 
